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Abstract—Foot orthoses and night splints have been used sep-
arately to treat patients with plantar fasciitis, but were not 
always successful. Combined use of both orthoses might give 
better outcomes. This study evaluated the effectiveness of a 
soft and self-adjustable dorsiflexion night splint in combina-
tion with an accommodative foot orthosis for patients with 
plantar fasciitis. Twenty-eight patients were assigned to group 
A (foot orthosis only) and group B (combination of foot ortho-
sis and dorsiflexion night splints). A Foot Function Index (FFI) 
questionnaire was used to evaluate the pain and functions of 
feet just before, 2 weeks after, and 8 weeks after the treatments. 
Results showed that subjects in group B had significantly 
reduced pain scores at week 2 (p < 0.001) and week 8 (p < 
0.001). In group A, no statistical differences were noted in the 
pain (p = 0.15), disability (p = 0.56), activity limitation (p = 
0.75), and total FFI (p = 0.35) scores for the three time periods. 
The application of foot orthoses with adjustable dorsiflexion 
night splints was found to be more effective than the applica-
tion of foot orthoses alone in relieving foot pain in patients 
with plantar fasciitis.
Clinical Trial Registration: Registered at HKU Clinical Trial 
Register (HKCTR-1318); http://www.HKClinicalTrials.com
Key words: dorsiflexion, foot, Foot Function Index, heel pain, 
night splints, orthoses, orthotics, pain, plantar fasciitis, rehabil-
itation.
INTRODUCTION
About 10 percent of the general population have 
experienced heel pain at some stage in their lives [1]. 
One of the most common causes is plantar fasciitis, 
which may result from repetitive and excessive loads on 
the fascia [2–4]. The management of plantar fasciitis can 
be classified into conservative and surgical approaches. 
Surgical intervention, including plantar fasciotomy and 
plantar fascia release, can be indicated when conservative 
treatment fails to treat the heel pain after 12 mo [5].
Foot orthotic intervention is one commonly used con-
servative approach for plantar fasciitis, and its effective-
ness has been studied based on the subjective feedback of 
patients [6]. Lynch et al. suggested that orthotic insoles 
were more effective in relieving pain than other conserva-
tive treatments, such as antiinflammatory medication, 
stretching, and strengthening exercises [7]. Although off-
the-shelf orthotic insoles and customized foot orthoses 
were found equally effective in relieving pain in plantar 
fasciitis in some studies [8], some other investigations did 
Abbreviations: ANOVA = analysis of variance, BMI = body 
mass index, FFI = Foot Function Index, PPT = Professional 
Protective Technology.
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not agree that orthoses could reduce the self-reported pain 
associated with plantar fasciitis [9–10]. The inconsistency 
could be due to the use of different orthotic designs [11]. 
Accommodative and functional orthoses are commonly 
used. Accommodative orthoses are made of soft and elas-
tic materials aiming to provide cushioning and reduce the 
peak plantar pressure [12]. Functional orthoses realign the 
foot in an optimal position during weight bearing. Both 
types of orthoses can be off the shelf and custom made, 
and functional orthoses are usually more expensive.
When treating plantar fasciitis, some clinicians opt to 
use a dorsiflexion night splint, which maintains the ankle 
at a neutral or dorsiflexed position during sleep. This 
restores the flexibility of the calf and plantar muscles as 
well as reduces the tension stress on plantar fascia during 
the first few steps in the morning [13–18], which could 
reduce the pain associated with plantar fasciitis through-
out the day. The splint is usually made of thermoplastics. 
Some previous studies suggested that dorsiflexion night 
splints effectively relieve plantar fasciitis [1,16] and that 
their treatment effects were comparable to customized 
and off-the-shelf foot orthoses [4,19]. However, some 
other studies reported that the night splints could easily 
cause discomfort at the feet and thus lower the quality of 
sleep [20] and compliance rates and affect treatment out-
comes [21]. The discomfort is caused by the high pres-
sure applied from the thermoplastics to the malleolus and 
the back of the heel when the feet rest on the bed during 
sleep. Some design changes in improving the comfort of 
the use of a night splint are required.
Orthotic insoles and dorsiflexion night splints work in 
different ways, with insoles reducing the peak plantar pres-
sure and dorsiflexion night splints restoring the flexibility 
of soft tissues. This led to the hypothesis that combining 
the use of foot orthoses and night splints might improve 
pain relief for plantar fasciitis. While the combination 
approach was used in some clinical centers, the treatment 
outcomes were not well documented. In this study, we 
evaluated whether the combination of foot orthoses and 
dorsiflexion night splints made of elastic material and 
adjustable straps could provide better treatment outcomes 
than using accommodative foot orthoses alone.
METHODS
This study was conducted at Tuen Mun Hospital 
(Hong Kong). Inclusion criteria were patients older than 
18 who were diagnosed with plantar fasciitis by licensed 
physicians and presenting symptoms of plantar heel pain 
during the first few steps in the morning and prolonged 
walking as well as tenderness over the medial tubercle of 
the calcaneus. They did not receive any prior foot 
orthotic intervention, steroid injection, or surgical treat-
ments and did not have a history of trauma or fracture. 
All subjects had to be able to complete a Foot Function 
Index (FFI) questionnaire independently.
The subjects (Table 1) were patients referred to the 
Prosthetic and Orthotic Department of Tuen Mun Hospi-
tal for orthotic treatment of plantar fasciitis. A consecu-
tive sampling approach was used in which all incoming 
patients who met the inclusion criteria and quota require-
ments were included as subjects. Subjects were assigned 
to one of two groups: subjects in group A received an 
accommodative foot orthosis and subjects in group B 
received the same type of foot orthosis in combination 
with an adjustable dorsiflexion night splint. Subjects 
were assigned to treatment groups when they were 
enrolled into the study, with the first two eligible patients 
assigned to group A and the third and fourth assigned to 
group B. Body mass index (BMI) of each subject was 
measured. Normal weight was defined as BMI between 
17 and 25 kg/m2, and overweight was defined as BMI 
greater than 25 kg/m2. Each treatment group had quotas 
of seven normal weight and seven overweight subjects, 
because body weight might affect treatment outcomes. 
This sample size would produce a statistical power of 
0.8, assuming a medium effect size of 0.6 [22] and one-
sided significance level of 0.05 on a repeated-measures 
design. Consecutive sampling was continued and the 
same subject assignment method was used for subse-
quent patients until each subject quota was full. If a par-
ticular weight category of a treatment group was full, the 
subject would be assigned to the other treatment group. A 
patient would not be included in this study if the quota of 
the corresponding weight category in both treatment 
groups was full.
Each subject completed a standard FFI questionnaire 
just before the interventions (baseline) and during the 
clinical follow-ups 2 weeks and 8 weeks after being pre-
scribed the orthoses. The subjects placed a mark on a 
10 cm line with word anchors on both sides representing 
two extremes of answers to each question. The question-
naire was shown to have high test-retest reliability and 
internal consistency in an earlier study [23]. If both feet 
had symptoms of pain, only the more painful foot would 
Group Subject Sex
Age
(yr)
BMI
(kg/m2)
Duration of Heel Pain
(mo)
Baseline Pain Baseline Total Pain Side
A 1 F 41 26.7 6 74 69 Left
2 F 53 19.9 6 56 42 Right
3 F 42 21.2 2 54 47 Right
4 F 40 23.4 6 45 33 Left
5 F 40 25.5 4 56 44 Left
6 M 48 25.5 6 73 64 Right
7 F 37 17.7 12 42 43 Right
8 F 42 21.4 10 62 62 Left
9 F 49 25.9 9 79 72 Left
10 F 42 22.9 2 52 45 Left
11 F 43 26.7 4 58 67 Left
12 F 34 23.9 6 65 60 Left
13 F 48 25.6 7 89 90 Right
14 F 46 25.3 4 84 65 Right
Mean ± SD — — 43 ± 5 23.7 ± 2.7 6 ± 2.9 64 ± 14 57 ± 16 —
B 15 F 31 26.8 2 72 71 Right
16 F 46 22.4 9 50 43 Right
17 F 38 25.4 9 52 51 Right
18 F 53 23.0 12 65 68 Left
19 F 43 22.5 2 70 42 Left
20 M 41 20.4 12 36 37 Right
21 F 54 26.3 8 73 64 Left
22 F 51 21.6 4 79 72 Right
23 F 42 28.6 2 81 62 Left
24 F 30 22.0 6 49 44 Right
25 F 51 24.0 2 87 84 Left
26 F 48 27.0 8 82 68 Right
27 F 50 31.2 24 74 49 Right
28 F 46 27.2 24 57 43 Right
Mean ± SD — — 45 ± 8 24.9 ± 3 8 ± 7.3 66 ± 15 57 ± 14 —
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be studied. The questionnaire contained 23 questions 
rated by a visual analog scale. Nine questions covered 
aspects of foot pain, another nine questions assessed the 
level of disability, and five questions addressed activity 
limitation. Two additional questions were added to the 
questionnaire at week 2 and week 8 requesting the sub-
jects to answer “yes” or “no” as to whether they had 
experienced any discomfort while using the orthoses and 
whether they had stopped using the orthoses consecu-
tively for more than 2 d for any reasons.
The full-length foot orthoses were made of Poron 
material (Rogers Corporations; Rogers, Connecticut) 
with an additional layer of 6 mm-thick Professional Pro-
tective Technology (PPT) material (The Langer Group; 
Stone, Staffordshire, United Kingdom) added to the heel 
region as a heel lift to enhance peak pressure reduction 
and shock absorption. The PPT material was found in a 
previous study to be the most effective in reducing pres-
sure under the painful areas of the foot among seven 
commonly used insole materials [12]. The adjustable dor-
siflexion night splint contained (1) a 3 mm-thick polypro-
pylene footplate; (2) a tailor-made low-profile soft ankle-
foot sleeve made of perforated neoprene sheets with 
appropriate sewing that allowed the footplate to be 
attached, and (3) an adjustable Velcro strap with a buckle 
(Figure 1(a)). It was designed for nocturnal use only. The 
Table 1.
Demographic profile of participants with plantar fasciitis in group A (foot orthosis only) and group B (foot orthosis and dorsiflexion night splint).
BMI = body mass index, F = female, M = male, SD = standard deviation.
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footplate was bent at 20° to extend the 
Figure 1.
(a) Components of dorsiflexion night splint: soft ankle-foot 
sleeve, footplate, and adjustable Velcro strap with buckle. 
(b) Polypropylene footplate in night splint extends metatarso-
phalangeal (MTP) joints.
toes at the meta-
tarsophalangeal joints (Figure 1(b)). The tightness of the 
Velcro strap, which determined the ankle joint angle, was 
adjusted so that the ankle was dorsiflexed at 5° (Figure 
2). A marking was made at the strap to ensure the repeat-
ability of strap tension. The subjects were instructed to 
tighten the strap based on the markings but were allowed 
to reduce the tension of the straps if required for comfort.
Pain, disability, and activity limitation scores were 
computed based on the markings on the visual analog 
scales. Lower scores reflected lower pain, levels of dis-
ability, and activity limitation. We calculated total FFI 
scores by 
Figure 2.
Dorsiflexion night splint in use.
adding the pain, disability, and activity limita-
tion scores. The person who measured the scores from the 
visual analog scales did not know to which group the sub-
jects were assigned. Statistical analysis was performed 
using GraphPad Prism, Version 4 (GraphPad Software, 
Inc; San Diego, California). One-way repeated-measures 
analyses of variance (ANOVAs) were performed, sepa-
rately for groups A and B, to study whether significant 
changes in pain, disability, activity limitation, and total 
FFI scores occurred across the three time sessions. If a 
significant difference was found in the ANOVA, a pair-
wise comparison of each of two time sessions using 
paired t-test with Bonferroni corrections was performed. 
To assess differences between group A and group B, we 
performed Bonferroni t-tests comparing the scores 
between the two groups at baseline, week 2, and week 8. 
The level of significance was set at  = 0.05, and the con-
fidence interval was 95 percent. When performing multi-
ple comparisons among the three conditions, we 
performed Bonferroni correction adjusting  to 0.017.
RESULTS
None of the subjects had discomfort while using the 
foot orthoses and night splints or stopped using the ortho-
ses consecutively for more than 2 d during the 8 weeks. 
Other than the orthotic treatments given to the subjects, 
these 28 subjects did not receive any other plantar fasciitis 
treatments. No statistical differences were found in
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baseline scores for pain (p = 0.64), disability (p = 0.44), 
activity limitation (p = 0.35), and total FFI (p = 0.96) 
between group A and group B. No statistical differences 
were found between group A and group B in scores for 
pain (p = 0.10), disability (p = 0.05), activity limitation (p = 
0.13), and total FFI (p = 0.06) at week 2. However, the pain 
score (p = 0.01) and total FFI score (p = 0.01) in group B 
were significantly lower than in group A at week 8.
Table 2 shows the pain, disability, activity limitation, 
and total FFI scores of subjects in groups A and B for the 
three time periods. Repeated-measures ANOVA revealed 
statistical changes in pain scores (p = 0.002) and total FFI 
scores (p = 0.01) across the three time sessions in group 
B. Post-hoc Bonferroni tests showed that group B pain 
scores at week 8 were significantly lower than at baseline 
(47.0%, p < 0.001) and week 2 (27.7%, p = 0.006). 
Group B pain scores at week 2 were also significantly 
lower than at baseline (28.8%, p < 0.001). Similar 
reduction patterns were seen in group B total FFI scores, 
with scores at week 8 significantly lower than at baseline 
(38.6%, p = 0.001) and week 2 (22.2%, p = 0.01) and 
total FFI scores at week 2 significantly lower than at 
baseline (21.9%, p = 0.005). The differences in disabil-
ity (p = 0.06) and activity limitation (p = 0.25) scores 
over the three periods of time in group B did not reach 
statistical significance, although there were notable 
decreases in the average scores. There were trends of 
reductions in pain scores (17.2% reductions at week 8 
compared with baseline) and total FFI scores (12.2% 
reductions at week 8 
Group
Test
Parameter
Time
Baseline Week 2 Week 8
A Pain 64 ± 14 57 ± 15 53 ± 14
Disability 57 ± 21 56 ± 15 50 ± 16
Activity 51 ± 16 52 ± 15 48 ± 13
Total FFI 57 ± 15 55 ± 12 50 ± 10
B Pain* 66 ± 15 47 ± 23 34 ± 26
Disability 56 ± 19 43 ± 23 35 ± 25
Activity 49 ± 17 44 ± 20 37 ± 18
Total FFI* 57 ± 14 45 ± 20 35 ± 21
compared with baseline) in group A. 
However, no statistical differences were noted in the 
scores for pain (p = 0.15), disability (p = 0.56), activity 
limitation (p = 0.75), and total FFI (p = 0.35) for the three 
time periods in group A.
DISCUSSION
During normal walking, at least 10° of ankle dorsi-
flexion is required [24]. If the calf muscles are tight, 
excessive pronation of the foot may occur to compensate 
for the reduced ankle dorsiflexion. This increases the ten-
sile loads on the plantar fascia. The plantar fascia will 
experience even higher loads if it is tight as well. Dorsi-
flexing the ankle and the metatarsophalangeal joints dur-
ing sleep could reduce the tension of the posterior calf 
muscles and plantar fascia during daytime walking and, 
therefore, reduce pain. Poor compliance has been one 
critical factor affecting the effectiveness of night splints 
[14–16]. Poor compliance was due to the discomfort and 
pain caused by overstretching of the calf muscles and the 
high pressure applied from the thermoplastic component 
of the splint to the ankle and the back of the heel. The 
adjustable and soft night splint used in this study 
addressed these two problems. Subjects could adjust the 
angle if it created discomfort. In addition, the neoprene 
material reduced the pressure applied around the ankle 
and the back of the heel.
During sleep, the ankle is plantar flexed. Although 
subjects can loosen the tightness of the straps for better 
comfort, the night splint can still maintain the ankle in a 
less plantar flexed position. While some previous studies 
maintained the ankle at neutral positions [13,20], 5° of 
dorsiflexion [4], and nearly maximum dorsiflexion [14], 
there has been no reported agreement on the optimal 
ankle position to be maintained with a night splint. This 
study shows that self-adjustability can avoid discomfort 
while maintaining functionality. A 3 mm-thick polypro-
pylene footplate was used in this study. A mechanically 
stronger material might be necessary for obese or more 
active people. Future studies can also identify whether 
any relationship exists among the tension of the self-
adjusted straps, the angle of the ankle placed within the 
splint, and the treatment outcome.
The main function of the orthotic insoles used in this 
study was to reduce the peak pressure under the heel [12], 
because the elastic insole material deforms at each walking 
step, increasing the contact area with the foot [25]. These 
Table 2.
Pain, disability, activity limitation, and total Foot Function Index 
(FFI) scores (mean ± standard deviation) for participants with plantar 
fasciitis in group A (foot orthosis only) and group B (foot orthosis and 
dorsiflexion night splint) over 8-week study.
*Statistical differences (p < 0.05) in repeated-measures analysis of variance.
FFI = Foot Function Index.
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orthoses did not require casting of the foot, which reduced 
the manpower and time of an orthotist and, therefore, 
reduced production cost. Some functional foot orthoses 
require foot casting. Such orthoses could realign the foot 
during weight bearing by providing appropriate arch sup-
ports. A previous study suggested that both types of 
insoles effectively reduced pain scores in 4 weeks [11]. In 
our study, the accommodative orthotic insole lowered 
mean pain scores over the 8 weeks; however, a statistical 
difference was not found. Significant reductions in pain 
and total FFI scores were achieved when combining the 
orthotic insole with the self-adjustable night splint.
While findings from previous studies were inconsis-
tent regarding the effectiveness of night splints and 
orthotic insoles used separately for reducing plantar fas-
ciitis pain [4,9–11,16,19], this study suggests that a treat-
ment protocol combining orthotic insoles with the new 
night splints was more effective in relieving pain than the 
orthotic insoles alone. Significant reductions in pain and 
total FFI scores were found in group B at week 2 and 
week 8, but were not seen in group A. At week 8, the 
pain and total FFI scores in group B were significantly 
lower than in group A. Because the differences in the 
baseline pain and total FFI scores between the two 
groups were small and insignificant, the different treat-
ment outcomes can largely be attributed to the two differ-
ent treatment methods. The differences in disability and 
activity limitation scores for the three time periods were 
insignificant. This could be explained by the lower base-
line scores as compared with the baseline pain scores.
Being overweight has been suggested to be a contrib-
uting factor to plantar fasciitis, because repetitive and 
excessive loading can lead to inflammation and conse-
quent pain in the plantar fascia [2–4]. High body weight 
could deform the PPT material to a larger extent during 
walking and potentially affect the treatment outcomes. A 
previous study indicated that an addition of 9.1 kg of 
body weight in female subjects increased plantar pressure 
by more than 10 percent at heel regions [26]. Another 
study reported that repeated applications of high loading 
could stiffen insole materials [27], which could affect 
their ability to reduce peak pressure. The potential effect 
of body weight on the function of the foot orthosis was 
the reason why equal numbers of overweight and normal 
weight subjects were assigned to the two groups. This 
study did not further investigate whether the treatment 
outcome would be worse in an overweight subject group, 
because such an investigation would largely reduce the 
statistical power. Type of shoe might also affect treatment 
outcomes. Because the study spanned 8 weeks, however, 
ensuring that each subject used the same type of shoes 
over the entire study period was not feasible. This study 
used a consecutive sampling approach [28] to include 
patients who met the inclusion criteria within a certain 
period of time. Random sampling, which allows non-
probability biases to be avoided, was not used because 
this study followed up new incoming patients referred for 
orthotic treatments.
When more conservative managements such as 
orthotic treatments, stretching exercises, and shockwave 
therapies are unsuccessful in clinical practice, steroid injec-
tion is a preferred option [29–30]. Although steroid therapy 
can significantly reduce pain for short periods in patients 
with plantar fasciitis [30], a number of complications were 
reported, such as rupture of the plantar fascia, atrophy of 
the heel fat pad, and plantar nerve injury secondary to 
injection [31–34]. This study provides some clues for 
improving the treatment outcomes of orthoses, which may 
prevent subsequently more invasive treatments.
CONCLUSIONS
The application of accommodative foot orthoses with 
adjustable dorsiflexion night splints was found to be 
more effective than the application of foot orthoses alone 
in relieving foot pain in subjects with plantar fasciitis. 
The soft neoprene material and the self-adjustable strap 
tension of the soft night splint could avoid discomfort 
while maintaining the treatment effects.
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